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Description 

This invention relates to a polyetheresteramide and antistatic resin compositions compounded therewith. More 
particularly, the invention relates to a polyetheresteramide with high heat resistance, permanently antistatic property 
and superior compatibility with thermoplastic resins, and resin compositions with antistatic property compounded there- 
with. 

Polyetheresteramides have been known as antistatic agents for thermoplastic resins. For example, GB-A-2063279 
discloses a polyetheresteramide synthesized from polyamide forming components, polyoxyalkylene glycols and dicar- 
boxylic acids. US-A-5096995 and JP-A-01 -045429 describe a transparent polyetheresteramides obtained by the poly- 
condensation of polyamide forming components, polyoxyalkylene polyols of relatively low molecular weight containing 
aromatic rings such as alkylene bisphenyl group, polyoxyalkylene glycols and dicarboxylic acids. EP-A-0303489 and 
GB-A-21 12789 describe resin compositions consisting of a polyetheresteramide containing polyoxyalkylene chains 
and a matrix resin such as ABS resin or polyolefin. Furthermore, JP-A-03-0290464 discloses a thermoplastic resin 
composition consisting of a polyetheresteramide synthesized using polyoxyalkylene glycols and polyolefins modified 
with acid anhydride, and US-A-51 69899 discloses a thermoplastic resin composition consisting of a polyetherestera- 
mide synthesized using polyoxyalkylene glycols and styrene copolymers modified with rubber. JP-A-01 -163234 de- 
scribes a thermoplastic resin composition consisting of a polyetheresteramide synthesized using polyoxyalkylene gly- 
cols, polyolefins and modified polyolefins having functional groups such as carboxyl and amino groups. JP-B- 
04-072855 describes a thermoplastic resin composition consisting of a polyetheresteramide synthesized using poly- 
oxyethylene glycols, ABS resin and modified polyvinyl polymers containing carboxyl groups. JP-A-64-062343 discloses 
resin compositions consisting of polyamide elastomers such as polyetheresteramide, antistatic agents, alkali metal 
salts and elastomeric polyolefins which are grafted with a combination of vinyl monomers containing functional groups 
such as methacrylic acid and a maleimide compound or styrene. 

However, the polyetheresteramides or the resin compositions compounded therewith which are described in the 
references cited above in no way exhibit well-balanced antistaticic property, heat resistance, moldability and compat- 
ibility with thermoplastic resins. For example, the polyetheresteramide described in GB-A-2063279 has a poor heat 
resistance, because of the polyether component originating from polyoxyalkylene glycol contained in the polymer. 
Therefore, the polyetheresteramide partially decomposes by heat, when compounded with a thermoplastic resin and 
molded. The molded articles thus obtained are not satisfactory in mechanical strength, appearance and antistatic 
property. Furthermore, the poor compatibility of the polymer with thermoplastic resins has a disadvantage of requiring 
a large amount of compatibilizer when it is compounded with thermoplastic resins. The polyetheresteramide disclosed 
in US-A-5096995 has an improved compatibility with matrix resins, because of the polymer component of a relatively 
low molecular weight polyoxyalkylene polyol with aromatic rings. However, as antistatic property is imparted to the 
polyetheresteramide by the polyoxyalkylene glycol structure in the polymer chain, not only the antistatic performance 
but also the heat resistance of the polymer is insufficient. The pofyether-esteramide described in JP-A-64-62343 has 
an improved antistatic property. However, it exhihits an insufficient heat resistance, because the polymer is composed 
of a polyoxyalkylene glycol with no aromatic rings and a polyamide component, as in the case of the polyetherestera- 
mide described in GB-A-2063297. 

The present invention seeks to provide a polyether-esteramide with superior heat resistance, permanently antistatic 
property and compatibility with thermoplastic resins. The invention also seeks to provide an antistatic resin composition 
with superior permanently antistatic property, mechanical strength and moldability. 

The polyeteresteramide of the invention consists essentially of the two components of a polyamide oligomer with 
carboxyl chain ends having a number average molecular weight from 200 to 5,000 and a btsphenol compound which 
(i) contains a plurality of oxyalkylene units, from 32 to 60 of which are oxyethylene units, and (ii) has a number average 
molecular weight from 1 ,600 to 3,000. By admixing from 3 to 40% by weight of the polyetheresteramide with from 60 
to 97 % by weight of a thermoplastic resin, an antistatic resin composition with superior antistatic property and heat 
resistance can be obtained. 

To improve the compatibility of the polyetheresteramide with the thermoplastic resin, the antistatic resin composi- 
tion can be admixed as a compatibilizer with a vinyl polymer having a functional group selected from carboxyl, epoxy, 
amino, hydroxyl, polyoxyalkylene, sulfonic and sulfonate groups, or a block polymer containing a polyolefin block and 
an aromatic vinyl polymer block. Furthermore, a resin composition comprising at least 97 % by weight of the polyether- 
esteramide and at least 0.01 % by weight of a halide of an alkali metal or an alkaline earth metal can be used in the 
same way as the polyetheresteramide, with an improved antistatic property of the antistatic resin composition as com- 
pared with the composition in which only the polyetheresteramide is included. 

Detailed Description of the Invention 

First, the polyetheresteramide of the present invention is explained in detail. 



EP 0 613 919 B1 



The polyetheresteramide of the present invention is free from residues derived from a polyoxyalkylene glycol and 
comprises two components, namely a polyamide oligomer with carboxylic chain ends having a number average mo- 
lecular weight from 200 to 5,000 and a bisphenol compound containing oxyalkylene units and having a number average 
molecular weight from 1,600 to 3,000. By the term "essentially" as mentioned herein it should be understood that 

s although the polyetheresteramide of the present invention is practically composed of the two components explained 
above, it is allowed to add a third component to the polymer within a range not adversely affecting the object and the 
advantageous effect of the invention, more perticularty the heat resistance and the compatibility with thermoplastic 
resins, of the polyetheresteramide of the present invention. 

The polyetheresteramide of the present invention, unlike the polyetheresteramide disclosed in the references cited 

io above which have been synthesized using polyoxyalkylene glycol, contains no polyoxyalkylene glycol as constituent, 
thereby an improvement in the characteristics of the antistatic resins being attained. The polyetheresteramide of the 
present invention is superior in heat resistance to the polyetheresteramides previously disclosed and, furthermore, 
exhibits a well-balanced antistatic property, heat resistance and compatibility with thermoplastic resins, which are ef- 
fected by the use of bisphenol compounds with molecular weights of a certain range, thereby effectively improving the 

is characteristics of antistatic resin compositions. In the following explanation of the invention, the term poly ether-este ra- 
ni ide means the polyetheresteramide of the present invention, unless otherwise stated. 

Compounds used to form the polyamide oligomers, the first component mentioned above are amino carboxylic 
acids, lactams and salts of diamines and dicarboxylic acids. Examples of amino carboxylic acids are co-am in o caproic 
acid, (o-aminoenanthic acid, cD-aminocaprylic acid, co-aminoperalgonic acid, ©-aminocapric acid, 1 1 -aminodecanoic 

20 acid and 12-aminodecanoic acid. Examples of lactams are caprolactam, enantholactam, caprylolactam and laurol- 
actam. Diamines as the components of the salts mentioned above are hexamethylene diamine, heptamethylene di- 
amine, octamethylene diamine and decamethylene diamene, and dicarboxylic acids are adipic acid, azelatc acid, se- 
bacic acid, undecane dicarboxylic acid, dodecane dicarboxylic acid and isophthalic acid. Preferable among these com- 
pounds are caprolactam, 1 2-aminododecanoic acid and salt of adipic acid and hexamethylene diamine. 

25 Polyamide oligomers with carboxylic chain ends having a number average molecular weight from 200 to 5,000 

are obtained by the ring opening polymerization or polycondensation of the polyamide forming components in the 
presence of a molecular weight modifier. As molecular weight modifier dicarboxylic acids with from 4 to 20 carbons 
are usually used, more specifically aliphatic dicarboxylic acids such as succinic acid, glutaric acid, adipic acid, pimelic 
acid, suberic acid, azelaic acid, sebacic acid, undecane dicarboxylic acid and dodecane dicarboxylic acid; aromatic 

30 dicarboxylic acids such as terephthalic acid, isophthalic acid, phthalic acid, naphthalene dicarboxylic acid and 3-sul- 
foisophthalic acid alkali metal salts; and alicyclic dicarboxylic acids such as 1 ,4-cyclohexane dicarboxylic acid, dicy- 
clohexyl^.^-dicarboxylic acid. Halogenoor sulfoxyl derivatives of these carboxylic acids may also be used. Preferable 
among these compounds are aliphatic dicarboxylic acids and aromatic decarboxylic acids, more preferable are adipic 
acid, sebacic acid, terephthalic acid, isophthalic acid and 3-sulfoisophthalic acid alkali metal salts. 

35 Bisphenols, which may provide the bisphenol units of bisphenol compound, the second component mentioned 

above, of the polyetheresteramide of the invention, are represented by the following formula (1). 



HO (ZDn (Z2)m QH 



40 



45 




wherein Z1 and Z2 are groups selected from alkyt groups with from 1 to 4 carbons, aralkyl groups with from 6 to 10 
carbons, aryl groups and halogen atoms, and Z1 and Z2 may be the same or the different groups. 

so Y is a covalent bond, an alkylidene group, an aryl alkylidene group, an oxygen atom, a sulfur atom, a sulfonyl 

group, a bistrifluoromethyl methylene group or a carbonyl group, n and m being integers from 0 to 4. 

Examples of the bisphenol compounds are dihydroxydiphenyl, C-alkyl substituted bisphenol; halogenated bisphe- 
nol; alkylene bisphenols such as bisphenol F; alkylidene bisphenols such as bisphenol A, cyclohexylidene bisphenol 
and bistrifluoromethyl methylene bisphenol; aryl alkylidene bisphenol; bisphenol S and hydroxybenzophenone. Pref- 

55 erable among these compounds are alkylidene bisphenols, bisphenol A being more preferable. 

Oxyalkylene units which may be included in the abovementioned bisphenol compounds are the oxyethylene unit, 
oxypropylene unit, 1- or 2-oxybutylene unit and oxytetramethylene unit. Preferable among these oxyalkylene units are 
the oxyethylene unit or the combination of oxyethylene and oxypropylene units. In any event, the bisphenol compounds 
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contain from 32 to 60 oxyethylene units. 

The bisphenol compounds containing oxyalkylene units, namely oxyatkylated bisphenol compounds, which are 
used for the polyetheresteramide of the invention have a number average molecular weight ranging from 1,600 to 
3,000. Using the bisphenol compound having a number average molecular weight smaller than 300 causes an unsat- 

s isfactory antistatic property of the polyetheresteramide, while using the bisphenol compound having a molecular weight 
larger than 3,000 brings about no or little increased improvement in antistatic property, but rather a disadvantage of 
requiring a prolonged time of manufacturing the polyetheresteramide. 

The polyetheresteramide of the invention may be obtained by the polycondensation of the above described polya- 
mide oligomer and bisphenoi compound in the presence of a known catalyst such as antimony irioxide, monobutyl tin 

10 oxide, tetrabutyl titanate, tetrabutyl zirconate and zinc acetate according to need. It is preferable that the bisphenol 
chains with oxyalkylene units be contained in an amount of from 20 to 80 % by weight of the polyetheresteramide. A 
content of the bisphenol chains less than 20 % by weight may cause an unsatisfactory antistatic property, while a 
content more than 80 % by weight may cause a decrease in heat resistance. The relative viscosity of the polyether- 
esteramide is preferably in the range from 0.5 to 4.0. more preferably from 0.6 to 3.0. A relative viscosity smaller than 

15 0.5 may cause a decrease in heat resistance, while a relative viscosity larger than 4.0 may cause an inferior moldability 
For the sake of reference the relative viscosity was measured as a 0.5 % by weight solution of the polyetheresteramide 
in m-cresol at 25°C. 

The resin composition which comprises at least 97 % by weight of the above described polyetheresteramide and 
at least 0.01 % by weight of an alkali metal halide or an alkaline earth metal halide can be used to blend with thermo- 

20 plastic resins in the same manner as the polyetheresteramide of the invention. Examples of alkali metal halides are 
lithium chloride, sodium chloride, potassium chloride, sodium bromide and potassium bromide. Examples of alkaline 
earth metal halides are magnesium chloride, calcium chloride and magnesium bromide. Preferable among these com- 
pounds are alkali metal halides, particularly, preferable are sodium chloride and potassium chloride. The amount of 
the alkali metal halide or alkaline earth metal halide to be used is usually from 0.01 to 3 by weight of, preferably from 

25 0.01 to 2 % by weight of, the resin composition of the polyetheresteramide and the halide compounds. The amount of 
the halide smaller than 0.01 % by weight may cause an unsatisfactory antistatic property, while the amount larger than 
3 % by weight may cause an undesirable compatibility with the polyetheresteramide, resulting in an inferior appearance 
of the molded articles. As regards the process of preparing the composition comprising the polyetheresteramide and 
the halide compound described above, it is preferable to prepare the polyetheresteramide in the presence of the halide 

30 compound, whereby the halide compound can be easily dispersed uniformly into the polyetheresteramide. 

Next the resin composition with antistatic property of the invention comprising 3 to 40 % by weight of the poly- 
etheresteramide described above and 60 to 97 % by weight of thermoplastic resins will be explained. In the following 
description of the resin composition of the invention and the resin composition containing the compatibilizer, the term 
•polyetheresteramide - should be understood as including the above explained resin compositions comprising the pol- 

35 yetheresteramide and halide compounds, unless otherwise stated. 

Examples of the thermoplastic resins to be admixed with the polyetheresteramide are vinyl resins, polyamide 
resins, polyester resins, polyacetal resins, polycarbonate resins, and copolymer resins of at least two kinds of monomer 
selected from styrenes, (meth)acrylic esters, (meth)acrylonitrile and butadiene. These resins may be used singly or 
mixed with other resins. 

40 Examples of the vinyl resins are (co)polymers of aliphatic hydrocarbon vinyl monomers, (co)polymers of aromatic 

hydrocarbon vinyl monomers and (co)polymers of vinyl monomers containing a functional group. 

Examples of (co)polymers of aliphatic hydrocarbon vinyl monomers are polyethylene, polypropylene, polyolefins 
such as copolymers of ethylene and ct-olefins with from 3 to 30 carbons such as propylene, 1 -butene, 4-methyl-1 -pen- 
tene, 1-pentene, 1-octene, 1-decene and 1-dodecene, and copolymers of propylene and a-olefins with from 4 to 30 

4 $ carbons such as 1 -butene, 4-methyl-1 -pentene, 1-pentene, 1-octene, 1-decene and 1-dodecene. Preferable among 
these (co)polymers of aliphatic hydrocarbon vinyl monomers are polyolefins, polypropylene being particularly prefer- 
able. Usually polyolefins having a melt flow rate as measured by the method described in JIS K6578 in the range from 
0.5 to 1 50 are used, those having a melt flow rate from 1 to 1 00 being preferable. Usually used are polyolefins having 
a degree of crystallization of higher than 25 %, preferably higher than 30 %. 

so Examples of (co)polymers of aromatic hydrocarbon vinyl monomers are (co)polymers of styrene, alkylstyrenes or 

halogenostyrenes. Among these (co)polymers polystyrene is preferable. 

(Co)polymers of vinyl monomers containing a functional group may be either homopolymers, random copolymers, 
block copolymers or graft copolymers. As vinyl monomers containing a functional group in (co)polymers of vinyl mon- 
omers containing a functional group are, for example, unsaturated carboxylic vinyl esters such as vinyl acetate; acrylic 

ss esters such as ethyl acrylate; methacrylic esters such as methyl methacrylate; vinyl cyanides such as acrylonitrile and 
methacrylonitrile, and halogenovinyl monomers such as chloroprene. Other vinyl monomers which are copolymerized 
with vinyl monomers containing a functional group are styrene, vinyl toluene and butadiene. As (copolymers of vinyl 
monomers containing a functional group preferable are copolymers of at least two monomers selected from styrenes, 
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acrylic esters, methacrylic esters, acrylonitrile and methacrylonitrile. 

Examples of (co)polymers of vinyl monomers containing a functional group are porymethyl methacrylate, styrene 
/ acrylonitrile copolymers (SAN resin), acrylonitrile / butadiene / styrene copolymer (ABS resin), methyl methacrylate 
/ butadiene / styrene copolymer (MBS resin), styrene / methyl methacrylate / acrylonitrile copolymer, and copolymers 
of rubber-tike polymers such as polybutadiene, polystyrene-butadiene, polyacrylonitrile-butadiene. poryisoprene, poly- 
chloroprene, ethylene-propylene-butadiene-terpolymer, porybutyl acrylate and acrylic rubber which are grafted with 
vinyl monomers containing functional groups mentioned above. Usually (co)polymers of aromatic hydrocarbon vinyl 
monomers and (co)polymers of vinylmonomers containing a functional group having a melt flow rate as measured by 
the method described in JIS K6758 in the range from 0.5 to 150 are used, those having a melt flow rate from 1 to 100 
being preferable. 

As polyamide resins Nylon 46, Nylon 6, Nylon 66, Nylon 69, Nylon 610, Nylon 612, Nylon 11 and Nylon 12 may 
be used. Preferable among these are Nylon 66, Nylon 6 and Nylon 12. Usually used are polyamide resins having a 
relative viscosity ranging from 0.8 to 5, preferably from 1 to 4, as measured in a solution of 97 % sulfuric acid at a 
concentration of 1g/100ml. Polyamide resins having a relative viscosity smaller than 0.8 exhibit a decrease in heat 
resistance, and those larger than 5 tend to cause an inferior motdability. 

Polyester resins which may be used are, for example, aromatic polyesters such as polyethylene terephthalate, 
polybutylene terephthalate and polycyclohexanedimelhylene terephthalate, and aliphatic polyesters such as polyeth- 
ylene adipate, polybutylene adipate and poly e-capro lactone. 

Polyacetal resins which may be used are homopolymers of formaldehyde or trioxane, and copolymers of formal- 
dehyde or trioxane and cyclic ethers such as ethylene oxide, propylene oxide and ethylene glycol formal. 

The polyamide resins, polyester resins and polyacetal resins usually used are those having melting points as 
measured by differential scanning calorimetry in the range from 140 to 270 °C, preferably from 150 to 260°C. 

Polycarbonate resins wich may be used are any known polycarbonates having a bisphenol skeleton such as con- 
densation products of bisphenol A with phosgene and condensation products made by ester exchange reaction of 
bisphenol A and carbonic acid esters. 

When using thermoplastic resins, in particular crystalline polyolefin resins, their use in combination with polya- 
mides, polyesters or potyacetals is preferable, because polyetheresteramide is poor in surface orientation. The ther- 
moplastic resins of such antistatic resin compositions may comprise 55 to 95% by weight of a polyolefin resin and 1 
to 20% by weight of a polyamide resin, a polyester resin or a polyacetal resin, based on the total weight of the antistatic 
resin composition. Because the resins mentioned above have crystallization temperatures higher than polyolefin resins, 
and also have high affinity for polyetheresteramide, the surface orientation of polyetheresteramide can be improved 
by the combined use of these resins, whereby the desired antistatic property is achievable with a small amount of 
polyetheresteramide. 

When using as thermoplastic resins of the composition, copolymers, in particular non-crystalline copolymers, of 
at least two kinds of monomer selected from styrenes, (meth)acrylic esters, (meth)acrylonitrile and butadiene, their 
use in combination with polycarbonate resins is preferable for the purpose of improving the compatibility with poly- 
etheresteramide and the heat resistance of the resin composition. 

Furthermore, to the antistatic resin composition comprising polyetheresteramide and thermoplastic resins can be 
added a compatibilizer, in order to obtain an improved compatibility of the resins, prevent inter laminar peeling of the 
molded articles obtained, and improve the mechanical strength and appearance of the molded articles. As compatibi- 
lizers either copolymers containing at least one of functional groups selected from carboxyl, epoxy, amino, hydroxyl, 
polyoxyalkylene, sulfonic and sulfonate groups, or block polymers having a polyolefin block and an aromatic vinyl 
polymer block are preferable. 

The compatibilizer consisting of vinyl polymers containing a functional group mentioned above can be obtained 
by (co)potymerizing these vinyl monomers without functional groups mentioned above in the presence of these chain 
transfer agents containing functional groups above-mentioned, copolymer izing the vinyl monomers containing func- 
tional groups with vinyl monomers without functional groups, or graft polymerizing vinyl monomers containing functional 
groups on vinyl resins such as polyolefin resins. 

Examples of vinyl monomers without functional groups are aromatic vinyl monomers such as styrene, ct-methyl- 
styrene, dimethytstyrene, t-butylstyrene, vinyltoluene, acetoxystyrene, (meth)acrylic esters such as methyl (meth)acr- 
ylate, ethyl (meth)acrylate, butyl (meth)acrylate, vinyl cyanides such as (meth)acrylonitrile, dienes such as butadiene, 
isoprene and chloroprene, and vinyl esters of unsaturated carboxylic acids such as vinyl acetate. 

Chain transfer agents containing functional groups are, for example, thioglycerine. mercaptoethanol and ami- 
noethane thiol. 

Examples of vinyl monomers containing functional groups are vinyl monomers containing a carboxyl group such 
as maleic acid(anhydride), (meth)acrylic acid, fumaric acid, itaconic acid(anhydride) and citraconic acid(anhydride); 
vinyl monomers containing an epoxy group such as glycidyl methacrylate and glycidyl ethacrylate; vinyl monomers 
containing an amino group such as aminoethyl (meth)acrylate and aminomethyl (meth)acrylate; vinyl monomers con- 
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taining a hydroxy I group such as 2-hydroxyethyl methacrylate and 2-hydroxy ethyl acrytate; vinyl monomers containing 
a sulfonic or sulfonate groups such as p- or o-styrene sulfonic acid or salts thereof, styrene disulfonic acid or salts 
thereof, a-methylstyrene sulfonic acid or salts thereof, vinylphenylmethane sulfonic acid or salts thereof, vinylsulfonic 
acid or salts thereof, (meth)allylsulfonic acid or salts thereof, and, furthermore, (meth)acrylate monomers containing 
sulfonic or sulfonate groups as expressed by the general formula (2). Salts of these sulfonic acids may be alkali metal, 
alkaline earth metal, ammonium and organic amine salts. 

_ Rl 
I 

(AO) n CH 2 -C = CH 2 (2) 
R 2 

20 wherein 

Rt is a hydrogen atom or a methyl group 

R 2 is a hydrocarbon group with from 1 to 24 carbon atoms which may contain oxyalkylene units 
A is an alkylene group with from 2 to 4 carbon atoms 
25 M is an alkali metal ion, alkaline earth metal ion, ammonium ion or organic ammonium ion 
n is an integer from 0 to 50 
m is the valence of M 

In compounds expressed by the general formula (2) R2 may be an alkyl group such as methyl, ethyl, octyl, decyl, 
30 dodecyl, tridecyl and stearyl groups, an alkenyl group such as ally!, methallyl and oleyl groups, a cycloalkyl group, an 
aryl .group, an aralkyl group, an alkyl mono- or polyoxyalkylene group, a phenyl mono- or polyoxyalkylene group, an 
alkylcabonyl mono-or polyoxyalkylene group, an aminoalkylene mono-or polyoxalkylene group. These groups may be 
combined with groups such as hydroxy I, halogen atom, carboxyl, nitrile, amide or amino groups. Preferable among 
these compounds are alkyl groups with from 8 to 1 B carbon atoms. 
35 Examples of A may be ethylene, propylene and butylene groups, preferable among these being ethylene group. 

Examples of M may be an alkali metal ion such as sodium, potassium and lithium, an alkaline earth metal ion such 
as calcium and magnesium, ammonium, hydroxyethyl ammonium, bishydroxyethyl ammonium, monomethyl ammoni- 
um and trimethyl ammonium. Among these ions sodium, potassium and ammonium ions are preferable. 

(Meth)acrylate monomers mentioned above containing sulfonate groups may be, for example, sodium 3-(meth) 
40 acryloyl oxypropane-1 -sulfonate, sodium 4-(meth)acryloyl oxybutane-1 -sulfonate, sodium 4-{meth)acryloyl oxybutane- 
2-sulfonate and sodium 3-(meth)acryloyl oxy-2-hydroxypropane-1 -sulfonate. 

(Meth)acrylamides containing a sulfonic or sulfonate group are, for example, 2-(meth)acrylamide-2-methyIpropane 
sulfonic acid or salts thereof, 2-(meth)acrylamide propane-1 -sulfonic acid or salts thereof, 2-(meth)acrylamide ethyl- 
1 -sulfonic acid or salts thereof, 3-(meth)acrylamide-2-hydroxypropane sulfonic acid or salts thereof and p-(meth)acr- 
45 ylamide methylbenzene sulfonic acid or salts thereof. 

Among the (meth)acrylate monomers containing a sulfonic or sulfonate group preferable are the compounds ex- 
pressed by the general formula (2), particularly preferable being the compounds which are expressed by the general 
formula (3). 



CH 2 COOR 3 



Na0 3 S-CH-COO (C 2 H 4 0) k CH 2 CH = CH 2 (3) 



S0 3 M B 

I 

C H- C 0 O 
I 

CH, COO 
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wherein 

R 3 is a hydrocarbon with from 8 to 18 carbon atoms which may contain oxyalkylene units 
k is an integer from 0 to 3 

s 

Compounds expressed by the general formula (3) are commercially available, for example. Eleminol JS-2 (manufac- 
tured by Sanyo Chemical Co., Ltd.), wherein R 3 is dodecyl group and k is 0. 

The number average molecular weights of the (co)polymers obtained by (co)polymerizing vinyl monmers without 
functional groups in the presence of chain transfer agents containing functinal groups or copolymers obtained by co- 
10 polymerizing these vinyl monomers containing functional groups with vinyl monomers without functional groups, which 
have been both mentioned above, while not being particularly limited, may usually range from 1 .000 to 60,000, pref- 
erably from 1 ,000 to 30,000. 

The (co)polymers mentioned above can be prepared usually by bulk polymerization, solution polymerization, sus- 
pension polymerization and emulsion polymerization methods. 
is Preferable among the vinyl polymers containing functional groups explained above which are used for compatibi- 

lizer, when polyolefin resins are used as thermoplastic resins, are 

(a) a polyolefin resin containing a carboxyl group having a number average molecular weight from 800 to 25,000 
and an acid value from 5 to 150, 
20 (b) a polyolefin resin containing a hydroxy I group having a number average molecular weight from 800 to 25,000 

and a hydroxy I value from 5 to 1 50, or 

(c) a modified polyolefin resin having a number average molecular weight from 1 ,000 to 28,000 which is obtained 
by esterifying with polyoxyalkylene mono- or polyol a polyolefin resin containing a carboxyl group having a number 
average molecular weight from 800 to 25,000 and an acid value from 5 to 1 50. 

25 

Of the three resins described above the polyolefin resin containing a carboxyl group (a) is obtained by reacting a 
low-molecular weight polyolefin having a number average molecular weight from 700 to 20 ,000 1 which is obtained by 
polymerizing propylene or ethylene or by thermal degradation of a high-molecular weight polypropylene or a high- 
molecular weight polyethylene, with a, ^-unsaturated carboxylic acid and/or anhydride thereof in the presence of an 

30 organic peroxide according to need in solution or in a molten state. There is preferably used a tow-molecular weight 
polyolefin obtained by thermal degradation for ease of the modification reaction. Methods of preparation of the thermally 
degraded low-molecular weight polyol ef ins are disclosed, for example, in JP-A-03-062804 

The a, p-unsatu rated carboxylic acids and/or anhydrides thereof which are used for the modification reaction may 
be (meth)acrylic acid, maleic acid(anhydride), f umaric acid, itaconic acid(anhydride) and citracontc anhydride, prefer- 

35 able among these being maleic acid(anhydride). 

The amount of these compounds used in the modification reaction is usually from 1 to 25 %, preferably from 3 to 
20 %, on the weight of the thermally degraded or not degraded low-molecular weight polyolefin. The number average 
molecular weight of the resin (a) obtained by the method described above is usually from 800 to 25,000, preferably 
from 1 ,000 to 20,000. A number average molecular weight lower than 800 causes a decrease in heat resistance, while 

40 a molecular weight higher than 25,000 causes a poor compatibility and, accordingly, a decrease in the mechanical 
properties of the molded article. The acid value of the resin (a) is usually from 5 to 150, preferably from 10 to 100. An 
acid value smaller than 5 brings about a poor compatibility, while an acid value larger than 150 causes a discoloration 
of the resin composition. 

Furthermore, the polyolefin resin containing a hydroxy I group (b) may be obtained by an additional reaction of the 
45 polyolefin containing a carboxyl group (a) with compounds such as alkanol amines. Examples of alkanol amines are 
monoethanolamine, monoisopropanolamine. diethanolamine and diisopropanolamine, among which monoeth- 
anolamine is preferable. The hydroxy! value of the resin (b) is usually from 5 to 150, preferably from 10 to 100. 

The modified polyolefin resin (c) can be obtained by esterifying with polyoxyalkylene mono- or polyol part of or all 
the carboxylic(anhydride) units of the polyol efin resin containing a carboxyl group (a). The polyoxyalkylene monoor 
50 polyols used for the esterification are the compounds such as polyoxyalkylene monools with one hydoxyl group on one 
chain end which are obtained by adding alkylene oxide to the compounds with active hydrogens such as alcohols such 
as methanol, ethanol, butanol, octanol, lauryl alcohol and 2-ethylhexyl alcohol, phenols such as phenol, alkyl phenol, 
naphthot, phenylphenol and benzy (phenol and compounds with hydroxyl groups on both ends such as polyethylene 
glycol and polypropylene glycol. Compounds obtained by substituting the hydroxyl groups of the above-mentioned 
5$ compounds with amino or epoxy groups may be used in place of the polyoxyalkylene compound. 

The number average molecular weights of these polyoxyalkylene compounds are usually from 300 to 5,000. 
Whereas no particular limitations are set for the rate of the esterification, preferably from 10 to 100 % of the carboxylic 
acid(anhydride) units of the resin (a) should be esterrfied. The number average molecular weight of the resin (c) is 
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usually from 1,000 to 28,000, preferably from 1,200 to 25,000. A number average molecular weight lower than 1,000 
causes a decrease in heat resistance, while a molecular weight higher than 28,000 brings about a poor compatibility 
Another compatibilizer of the invention, bfock pofymers having an olefin polymer block and an aromatic vinyl pol- 
ymer block, may be obtained by reacting an olefinic polymer and an aromatic vinyl polymer each containing mutually 
5 reactive groups. 

Examples of polyolefins to form the poryolefin blocks constituting the block polymers are high-density polyethylene, 
medium -density polyethylene, low-density polyethylene, polypropylene, polybutene, poly-4-methylpentene-1 , ethyl- 
ene-propylene rubber, ethylene-propylene-butadiene copolymer rubber, copolymers of ethylene and a-olefins with 
more than 3 carbons such as low-cry stallinity ethylene-propylene copolymer, copoymers of propylene and a-olefins 

io with more than 4 carbons such as propylene-butene copolymer, ethylene-vinyl ester copolymers such as ethylene- 
vinyl acetate copoymer, butyl rubber, butadiene rubber, ethylene-acrylic ester copolymer, and these polymers thermally 
degraded to have molecular weights thereof reduced, and mixtures of more than two of these polymers. 

Thermally degraded polymers are obtained by, tor example, thermally degrading polyolefins having number aver- 
age molecular weights from 50,000 to 150,000 usually at a temperature from 300 to 450 °C in an atmosphere of an 

is inert gas for from 0.5 to 10 hours. Usually the polyolefins are thermally degraded to have number average molecular 
weights reduced to from 500 to 50,000, preferably to from 1 ,000 to 20,000. Polyolefins preferable for forming polyolefin 
blocks are propylene polymers, copolymers of propylene and a-olefins with more than 4 carbons, low-density polyeth- 
ylene, and thermally degraded products of these polymers. More preferable among these are copolymers of propylene 
and a-olefins with more than 4 carbons and thermally degraded products thereof. 

20 As to the aromatic vinyl polymers to form aromatic vinyl polymer blocks, polymers of aromatic vinyl monomers or 

copolymers of aromatic vinyl monomers with other copolymerizable vinyl compounds are mentioned. Examples of 
aromatic vinyl compounds are styrene, a-methylstyrene, dimethylstyrene, t-butylstyrene, vinyltoluene, chlorovinyltol- 
uene, acetoxystyrene and hydroxystyrene. Other copolymerizable vinyl compounds are (meth)acrylic acid, (meth)acryl- 
ic esters and (meth)acrylonitrile. Preferable among these polymers are polystyrene and copolymers of styrene and 

2S acrylonitrile. 

The number average molecular weights of the aromatic vinyl polymers used, while not being particulaly limited, 
may usually range from 1 ,000 to 60,000, preferably from 1 ,000 to 20,000. 

The block polymers described above may be obtained by reacting the olefinic polymers and the aromatic vinyl 
polymers respectively containing mutually reactive groups. Examples of these reactive groups are carboxyl, epoxy 

30 hydroxy and amino groups. Preferable combinations of the reactive groups are carboxyl group with epoxy hydroxy or 
amino groups. The content of carboxyl group is from 1 to 25 %, preferably from 3 to 20 % on the weight of the olefinic 
polymer or the aromatic vinyl polymer. 

As an example of the pofymers containing reactive groups, an olefinic polymer with carboxyl groups can be obtained 
by graft polymerizing an unsaturated carboxyl ic acid such as maleic acid on an olefinic polymer in the presence of an 

35 organic peroxide, while an aromatic vinyl polymer with epoxy groups can be obtained by copotymerizing glyctdyl meth- 
acrylate and an aromatic vinyl monomer. Further, an aromatic vinyl polymer with hydroxy groups is obtained by po- 
lymerizing an aromatic vinyl monomer in the presence of a chain terminates for example, thioglycerine or mercap- 
toethanol. An aromatic vinyl polymer with amino groups is obtained by polymerizing an aromatic vinyl monomer in the 
presence of a chain terminate r, for example, aminoethane thiol. 

40 in using the compatibilizer described above more than two kinds may be used together. 

In a composition of the present invention the amount to be used of the thermoplastic resins described above is 
usually from 60 to 97 % on the weight of the polyetheresteramide or the resin composition comprising the polyether- 
esteramide and halides of alkali metals or alkaline earth metals. Furthermore, the amount to be used of the compati- 
bilizer described above is usually from 0 to 40 % on the weight of the antistatic resin composition comprising the 

45 polyetheresteramide and the thermoplastic resin or the antistatic resin composition comprising the resin composition 
which comprising the polyetheresteramide and halides of alkali metals or alkaline earth metals and the thermoplastic 
resin. Examples of preferable compositions are as follows. 



so 


Constituents 


Preferable Range of Composition 


More Preferable Range of 
Composition 


(% by weight)* 1 


(% by weight)* 1 




Preferable Composition 1 








Polyetheresteramide+Metal Salt 


3-40 


5-30 


55 


Polyolefin Resin 


60-90 


5-30 




Polyester Resin or Polyacetal 


1-20 


3-15 



: Per cent by weight based on the respective resin composition 
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(continued) 



Constituents 


Preferable Range of Composition 


More Preferable Range of 






Composition 




(% by weight)" 1 


(% by weight)*"" 


Compatibilizer* 2 


0.2-20 


0.5-10 


Preferable Composition 2 


Polyetheresteramide+Metal Salt 


3-40 


5-30 


Polyolefin Resin 


55-95 


60-90 


Polyamide Resin 


1-20 


3-15 


Compatibilizer* 3 


0.2-20 


0.5-15 


Preferable Composition 3 


Polyetheresteramide+Metal Salt 


3-40 


5-30 


Polymer of A* 4 


50-90 


60-90 


Compatibilizer* 5 


0.1-40 


1-15 


Preferable Composition 4 


Polyetheresteramide+Metal Salt 


3-40 


5-30 


Polycarbonate Resin 


5-90 


20-75 


Polymer of B* 6 


5-90 


20-75 


Compatibilizer* 7 


0.1-40 


1-15 



10 



20 



25 



30 



1 : Per cent by weight based on the respective resin composition 
* 2 : Vinyl polymer with at least one functional group, particularly pofy olefin with at (east one functional group 
* 3 : Vinyl polymer with at least one functional group, particularly polyolefin with at least one functional group 
* 4 : More than 2 monomers selected from styrenes, (methjacrylic esters, (meth)acryfonitrtfe and butadiene 

* 5 : Vinyl polymer with at least one functional group, particularly vinyl polymer with sulfonic groups and/or block polymer having at least one polyolefin 
block and aromatic vinyl polymer block 

* 6 : More than 2 monomers selected from styrenes, (meth)acrylic esters, (meth)acrylonitrile and butadiene 

*7 : Vinyl polymer with at feast one functional group, particularly vinyl polymer with sulfonic groups and/or block polymer having at least one polyolefin 
block and aromatic vinyl polymer block 



35 



45 



50 



55 



The antistatic resin composition of the present invention is obtainable by blending the polyetheresteramide with 
thermoplastic resins or halides of alkali metals or alkaline earth metals using a known blending machine such as an 
extruder, a Brabender, a kneader and a Banbury type mixer. 

In the present invention the resin composition comprising the polyetheresteramide, halides of alkali metals or 
alkaline earth metals, and thermoplastic resins is obtainable either by blending these components at the same time or 
by admixing the blend of the polyetheresteramide and the above-mentioned metal halides with the thermoplastic resins. 
In preparing the antistatic resin composition of the invention, it is more preferable that a compatibilizer is contained in 
the composition, in which case, considering the dispersibility and the permanently antistatic property and mechanical 
strength of the molded articles, it is preferable that a blend of a small amount of the thermoplastic resin, the polyether- 
esteramide, the metal halides and the compatibilizer is first prepared, that is, a masterbatch is prepared, thereafter the 
rest of the thermoplastic resin being blended therewith. 

The resin composition of the invention can be added with other resin additives within the scope not interfering with 
the objects of the invention. Examples of the additives used are pigments, dyes, fillers, nucleating agents, glass fibers, 
lubricants, plasticizers, mold lubricants, antioxidants, fire retardants, UV absorbers and surfactants. Preferable among 
surfactants are anionic surfactants, particularly alkylbenzene sulfonates, alky I sulfonates and paraffin sulfonates. The 
amount of these surfactants to be used is usually from 0.01 to 5 %, preferably 0.05 to 3 % on the total weight of the 
polyetheresteramide and the metal halides mentioned above. 

In the following some of the examples of the invention will be explained in detail by comparing with comparative 
examples. However, it is to be understood that the invention is not limited to the specific embodiments. Hereinafter, 
•part* means part by weight and means % by weight. Physical properties of the polyetheresteramides and the 
resin compositions finally obtained were measured by the following testing methods. 



Temperature of Starting 
Weight Loss on Heating 



Measured by TG-DTA 
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(continued) 





Surface Resistivity 


| Measured using a megohmmeter (made by Advantest, Inc.) under a predetermined 






! condition 


5 


(zoo impacx oirengui 


: MO 1 M U£.DO 




Tensile Strength 


J ASTMD638 




Flexural Modulus 


| ASTM D790 




Compatibility 


| Evaluated by bending test pieces made by injection molding and observing the rupture 






j cross-sections 


10 




j Criteria of Evaluation 






j ©Good 






j O: A little delamination observed 


15 




i 

i X: Numbers of delamination observed, Poor Compatibility 



Example 1 

A blend of 105 parts e-caprolactam, 17.1 parts adipic acid, 0.3 part Irganox 1010 (antioxidant manufactured by 
20 Ciba-Geigy, Ltd.) and 6 parts water was contained in a 3 liter stainless steel autoclave, which was then filled with 
nitrogen replacing air followed by heating at 220° C under pressure for 4 hours while stirring to obtain 117 parts polya- 
mide oligomer with carboxyl chain ends having a number average molecular weight 1 ,000 and an acid value 110. The 
polyamide oligomer was then mixed with 225 parts ethylene oxide adduct of bisphenol A having a number average 
molecular weight 2,000 and 0.5 part zirconium acetate, and the mixture was heated at 245 °C to effect polymerization 
25 for 5 hours under reduced pressure lower than 1 mmHg to obtain a viscous polymer. The polymer was then taken out 
on a belt in the form of a strand, which was then pelletized to obtain the polyetherestermide of the invention. The 
relative viscosity of the polymer obtained was 2.15 as measured for a 0.5 % by weight solution in m-cresol at 25°C. 
The copolymer composition of the polymer as determined by NMR analysis was as follows. 



e-Caprolactam component 


28.5 % 


by 


weight 


Ethylene oxide adduct of bisphenol A component 


67.0 % 


by 


weight 


Adipic acid component 


4.5% 


by 


weight 



The temperature of starting weight loss on heating of the polyetheresteramide obtained was measured by TG- 
DTA in nitrogen. Furthermore, using test pieces respectively prepared by injection molding, Izod impact strength ac- 
cording to ASTM D256, tensile strength according to ASTM D638 and surface resistivity using a megohmmeter (made 
by Advantest Inc.), of the polyetheresteramide was measured. The surface resistivity was measured using 2 mm thick 
square test pieces under the conditions of (a) not water washed, wherein square test pieces, after being molded, were 
held in an atmosphere of 20°C and 65 % RH for 24 hours, and (b) water washed, wherein square test pieces, after 
being molded, were washed with an aqueous solution of a detergent (Mamalemon manufactured by Lion, Inc.) followed 
by washing with ion-exchanged water and drying to remove surface moisture, and then held in an atmosphere of 20°C 
and 65 % RH for 24 hours. The results of the measurements are tabulated in Table 1 . The polyetheresteramide is 
hereafter named A-1. 

Example 2 

A blend of 105 parts e-caprolactam, 1 7.1 parts adipic acid, 0.3 part Irganox 1010 and 7 parts water was contained 
in a 3 liter stainless steel autoclave, which was then filled with nitrogen replacing air followed by heating at 220°C under 
pressure for 4 hours while stirring to obtain 117 parts polyamide oligomer with carboxyl chain ends having a number 
average molecular weight 1 , 1 00 and an acid value 1 00. The polyamide oligomer was thenmixed with 225 parts ethylene 
oxide adduct of bisphenol A having a number average molecular weight 2,000 and 0.5 part zirconium acetate, and the 
mixture was heated at 245 °C to effect polymerization for 5 hours under reduced pressure lower than 1 mmHg to obtain 
a viscous polymer. The polymer was then processed in the same manner as described in Example 1 to obtain the 
polyetheresteramide of the invention. Physical properties of the polyetheresteramide were measured using the same 
methods as described in Example 1 . The results of the measurements are tabulated in Table 1 . The polyetheresteramide 
is hereafter named A-2. 
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Example 3 

A composition of a polyetheresteramide and potassium chloride was obtained by the same method as described 
in Example 2 except that, when adding an ethylene oxide adduct of bisphenol A and zirconium acetate, 2 parts potas- 
sium chloride was added together. The copolymer composition of the polyetheresteramide obtained as determined by 
NMR analysis was as follows. 



e-Caprolactam component 

Ethylene oxide adduct of bisphenol A component 

Adipic acid component 



28.0 % by weight 
67.6 % by weight 
4.4 % by weight 



The contents of the polyetheresteramide and potassium chloride as determined by X-ray fluorescence analysis 
was as follows. 



Polyetheresteramide j 


99.4 % 


by 


weight 


Potassium chloride j 


0.6% 


by 


weight 



Physical properties of the polyetheresteramide obtained were measured by the same methods as described in 
so Example 1 . The results of the measurements are tabulated in Table 1 . The polyetheresteramide is hereafter named A-3. 

Comparative Example 1 

A polyetheresteramide for comparing with the polyether-esteramide of the invention was obtained by the same 
2S method as described in Example 1 except that 175 parts polyoxyethylene glycol having a molecular weight 1 ,500 was 
used instead of an ethylene oxide adduct of bisphenol A. Physical properties of the polyetheresteramide obtained were 
measured using the same methods as described in Example 1.. The results of the measurements are tabulated in 
Table 1 . The polyetheresteramide is hereafter named A-4. 

30 Comparative Example 2 

A polyetheresteramide for comparing with the polyether-esteramide of the invention was obtained by the same 
method as described in Example 1 except that 175 parts polyoxyethylene glycol having a molecular weight 1 ,500 was 
used instead of an ehtylene oxide adduct of bisphenol A and that polymerization was effected by heating for 3 hours. 
35 Physical properties of the polyetheresteramide were measured by the same methods as decribed in Example 1 . The 
results of the measurements are tabulated in Table 1 . The polyether-esteramide is hereafter called A-5. 

Comparative Example 3 

40 A composition of a polyetheresteramide of Comparative example 1 and potassium chloride for comparing with the 

composition of the invention was obtained by the same method as described in Comparative Example 1 except that, 
when adding polyoxyethylene glycol and zirconium acetate, 5 parts potassium choloride was added together. The 
contents of the polyetheresteramide and potassium choloride as determined by X-ray fluorescence analysis were as 
follows. 



Polyetheresteramide 
Potassium Chloride 



98.2% by weight 
1 .8 % by weight 



Physical properties of the polyetheresteramide obtained were measured using the same methods as described in 
Example 1 . The results of the measurements are tabulated in Table 1 . The polyetheresteramide is hereafter named A-6. 
In the following explanation the polymers A-1 ~ A-6 will be called (A). 



55 
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Table 1 





Relative 


Temperature 


Izod Impact 


Tensile 


Surface Resistivity 




Viscosity 


oi oianmg 


Strength 


Strength 










Weight Loss* 




















Not Water 


Water Washed 












Washed 




Examples 




(°C) 


(Kg ■ cm/cm) (Kg/cm 2 ) 




(^) 


1 


2.15 


360 


Not Broken 


420 


1X10 9 


1 X10 9 


2 


2.10 


350 


Not Broken 


400 


2X10 9 


3X10 9 


3 


2.10 


360 


Not Broken 


420 


1X10 8 


1 X10 8 


Comparative Examples 


1 


2.20 


290 


Not Broken 


400 


5X10 9 


5X10 9 


2 


1.10 


260 


Not Broken 


300 


7X10 9 


8 X10 9 


3 


2.10 


280 


Not Broken 


370 


1X10 9 


1 X10 9 



10 



15 



20 



25 



*:Measured under nitrogen stream 

Examples 4 to 7 and Comparative Examples 4 to 6 

Each potyetheresteramide (A) obtained in the Examples and Comparative Examples described above was blended 
with each of the following resins B-1 to B-4 for 3 minutes using a Henschel mixer in a proportion shown in Table 2 for 
each Example. . The blends obtained were melt kneaded using a vented double^screw extruder under conditions of 
240 °C, 30 rpm and a residence time of 5 minutes to obtain the antistatic resin compositions of the invention and resin 
compositions for comparison. 



B-1 
B-2: 
B-3: 
B-4: 



ABS resin (JSR-ABS10 manufactured by Japan Synthetic Rubber, Inc.) 
Nylon 6 resin (UBE Nylon 1013B manufactured by UBE Industries, Inc.) 
Pofybutylene terephthalate resin (Duranex 2000 manufactured by Polyplastics, Inc.) 
Polypropylene resin (UBE Polypro J609 manufactured by UBE Industries, Inc.) 



In the following explanations the above B-1 to B-4 are called (B) unless otherwise stated. 

Examples 8, 9 and Comparative Example 7 

The antistatic resin compositions of the invention and a comparative resin composition were obtained by the same 
process as described in Example 6 except that the melt kneading of (A) and (B) in the proportions shown in Table 2 
was carried out at 250° C. 



Examples 10 to 12 and Comparative Example 8 

The antistatic resin compositions of the invention and a comparative resin composition were obtained by the same 
process as described in Example 6 by melt kneading (A) and (B) in the proportions shown in Table 2. 

Table 2 



Examples 


(A) 




(B) 




Contents of Metal Salts (%) 


4 


A-1 


(15) 


B-1 


(85) 




5 


A-3 


(15) 


B-1 


(85) 


D-1* (0.09) 


6 


A-1 


(15) 


B-2 


(85) 




7 


A-3 


(12) 


B-2 


(88) 


D-1* (0.07) 


8 


A-1 


(15) 


B-3 


(85) 




9 


A-3 


(12) 


B-3 


(88) 


D-1* (0.07) 



D-1*: Potassium chloride (added when preparing polyetheresteramide) 
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Table 2 (continued) 



Examples 


(A) 




(B) 




Contents of Metal Salts (%) 


10 


A-2 


(3) 


B-4 


(97) 




11 


A-2 


(20) 


B-4 


(80) 




12 


A-2 


(20) 


B-3 


(10) 










B-4 


(70) 




Comparative Examples 


4 






B-1 


(100) 




5 


A-4 


(15) 


B-1 


(85) 




6 


A-4 


(15) 


B-2 


(85) 




7 


A-4 


(15) 


B-3 


(85) 




8 






B-4 


(100) 




Numbers in Parentheses Denote Proportions of Respective Components in Composition 


(%) 













Performance Tests 

20 

Test pieces were prepared from the resin compositions of Examples 4 to 12 and Comparative Examples 4 to 8 
using an injection molding machine under conditions shown in Table 3, which were tested for mechanical properties 
and antistatic property. The results of the measurements are tabulated in Tables 4 to 6. Tests for antistatic property 
were carried out by measuring the surface resistivity of the test pieces after having been treated and conditioned as 
25 described in Table 3. 



Table 3 



Examples 


Injection Temperature (°C) 


Mold Temperature (°C) 


Condition of Surface 
Resistivity Measurement* 


4 


220 


60 


(0 


5 


220 


60 


(I) 


6 


240 


60 


(I) 


7 


240 


60 


(i) 


8 


250 


60 


(I) 


9 


250 


60 


(I) 


10 


240 


50 


(It) 


11 


240 


50 


0") 


12 


240 


50 


(II) 


Comparative Examples 


4 


220 


60 


(I) 


5 


220 


60 


(I) 


6 


240 


60 


(I) 


7 


250 


60 


(I) 


8 


240 


60 


(II) 



*:(l)Not water washed, wherein the test pieces, after being molded, were held in an atmosphere of 20*C and $5 % RH for 24 hours. 



Water washed, wherein the test pieces, after being moleded, were washed with an aqueous solution of a detergent (Mamalemon manufactured by 
Lion, Ltd.) followed by washing with ion-exchanged water and drying to remove surface moisture, and then held in an atmosphere of 20 °C and 65 
SO % RH for 24 hours. 

(II) Not water washed, wherein the test pieces, after being molded, were held in an atmosphere of 20*C and 50 % RH for 24 hours. 
Water washed, wherein the test pieces, after being molded, were washed with an aqueous solution of a detergent (Mamatemon manufactured by 
Lion, Ltd.) followed by washing with ion-exchanged water and drying to remove surface moisture, and then held in an atmosphere of 20° C and 50 
% RH for 24 hours. 
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Table 4 





Temperature 


Izod Impact 


Tensile Strength 


Surface 




Compatibility 




of Starting 


Strength 




Resistivity 








Weight Loss* 




















Not Water 


Water Washed 












Washed 






5 


(°C) 


(Kg • cm/cm) 


(Kg/cm 2 ) 


(a) 


(ft) 




Examples 


4 


350 


28 


430 


2X10 11 


2X10 11 


O 


5 


350 


32 


440 


8X10 10 


9X10 10 


O 


Comparative Examples 


4 


350 


40 


520 


10 16 < 


10 16 < 




5 


290 


14 


320 


5X10 11 


5X10 11 


X 



*: Measured under nitrogen stream 



20 

Table 5 





Temperature of Starting Weight Loss* 


Surface Resistivity 


Compatibility 






Not Water Washed 


Water Washed 






PC) 


(«) 


(ft) 




Examples 


6 


350 


2X10 12 


2X10 12 


© 


7 


350 


3X10" 


3X10" 


© 


8 


350 


2X10 12 


2X10 12 


© 


9 


350 


5X10 11 


5X10" 


© 


Comparative Examples 


6 


290 


6X10 12 


6X10 12 


o 


7 


290 


8X1 0 12 


8X10 12 


o 



": Measured under nitrogen stream 



Table 6 





Temperature 
of Starting 
Weight Loss* 


Izod Impact 
Strength 


Flexural 
Modulus 


Surface Resistivity 










Not Water 
Washed 


Water Washed 


Compatibility 




(°C) 


(Kg . cm/cm) 


(Kg/cm 2 ) 


(«> 


(A) 




Examples 


10 


270 


10 


11,500 


1X10 1 * 


1X10 15 


X 


11 


280 


8 


9,000 


2X10 13 


-1X10 13 


X 


12 


280 


10 


10,000 


1X10" 


2X10 11 


X 


Comparative Examples 


8 


280 


10 


12,000 


10 1 6< 


10i«< 





*: Measured under air stream 
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Preparation of Compatibilizer 
Preparation Example 1 

5 A vinyl polymer containing sulfonic groups was obtained by the suspension polymerization of 68 parts methyl 

methacrylate, 23 parts styrene, 4 parts acrylonitrile and 5 parts of a compound containing suffonic groups which is 
expressed by the following formula. The vinyl polymer containing suffonic groups thus obtained is hereafter named C-1 . 

™ Structural Formula 

CH 2 -C00-CH 2 -CH=CH 2 



NaS0 3 -CH-C00 C 12 H 25 



20 Preparation Example 2 

(1 ) A blend of 95 parts low-molecular weight polypropylene having a number average molecular weight 5,000 and 
a density 0.92 which was obtained by the thermal degradation of polypropylene and 5 parts maleic anhydride was 
mefted at 180°C under nitrogen stream, followed by adding a 50 % xylene solution in which 1.5 parts dicumyl 

25 peroxide are dissolved while dropping over 15 minutes. After the mixture was reacted for 1 hour, an acid modified 

low-molecular weight polypropylene was obtained by removing the solvent by distillation. The polymer obtained 
had an acid value of 25.4 and a molecular weight of 7,000. 

(2) A styrene polymer containing hydroxyl groups was obtained by dissolving 95 parts styrene monomer in 100 
parts xylene at 120 °C under nitrogen, followed by adding 5 parts thioglycerine while dropping over 15 minutes, 

30 reacting for 1 hour and then removing the solvent and un reacted monomer by distillation. The pofymer obtained 

had an hydroxyl value of 25.2 and a number average molecular weight of 8,000. 

(3) A polypropylene-block-polystyrene needed was obtained by mett kneading 50 parts acid modified low-molecular 
weight polypropylene (1) and 50 parts styrene polymer containing hydroxyl groups (2) above-mentioned, by using 
a vented double-screw extruder under conditions of 200 °C, 30 rpm and a residence time of 5 minutes. The block 

35 polymer thus obtained is thereafter named C-2. 

Preparation Example 3 

A graft copolymer latex was obtained by the emulsion polymerization of 60 parts monomer mixture consisting of 
40 4 % by weight acrylic acid, 72 % by weight styrene and 24 % by weight acrylonitrile in the presence of 40 parts polyb- 
utadiene latex. The graft copolymer latex obtained was coagulated by sulfuric acid, neutralized by caustic soda, followed 
by washing, filtering and drying to obtain a powdery reaction product of the graft copolymer (C-3). 

Preparation Example 4 

45 

A mixture was obtained by melting a blend of 95 parts low-molecular weight polypropylene having a number av- 
erage molecular weight 1 2,000 and a density 0.89 which was obtained by thermally degrading polypropylene and 5 
parts maleic anhydride at 180°C under nitrogen stream, followed by adding a 50 % xylene solution in which 1 .5 parts 
dicumyl peroxide are dissolved while dropping over 15 minutes. After the obtained mixture was reacted for 1 hour, an 
so acid-modified low-molecular weight polypropylene was obtained by removing the solvent by distillation. The polymer 
obtained had an acid value of 25.7 and a number average molecular weight of 15,000. The modified polymer thus 
obtained is hereafter named C-4. 

Preparation Example 5 

55 

A modified low-molecular weight polypropylene containing hydroxyl groups was obtained by dissolving 95 parts 
acid-modified low-molecular weight polypropylene obtained in Preparation Example 4 (C-4) in 100 parts xylene at 
120°C under nitrogen stream, followed by adding 5 parts monoethanolamine while dropping over 15 minutes, reacting 
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for 1 hour and then removing the solvent and unreacted monoethanolamine by distillation. The polymer obtained had 
an hydroxyl value 25.2 and a molecular weight 16.000. The modified product thus obtained is hereafter named C-5. 



Preparation Example 6 

5 

A polyoxyalkylene-modtfied low-molecular weight polypropylene was obtained by melting a blend o1 95 parts acid- 
modified low-molecular weight polypropylene obtained in Preparation Example 14 (C-4) and 50 parts adduct of 24 
mole ethylene oxide to iauryl alcohol at 180 °C under nitrogen stream, followed by an esterrfication reaction for 5 hours 
under reduced pressure of 10 mmHg. The polymer obtained had an hydroxyl value of 0.5 and number average mo- 
io lecular weight of 1 8,000. By NMR analysis, it was confirmed that the esterification reaction proceeded stoichiometrically. 
The modified product thus obtained is hereafter named C-6. 



Preparation Example 7 



*5 An acid-modified low-molecular weight polyethylene was obtained by dissolving a mixture of 38 parts low-molecular 

weight polyethylene having a number average molecular weight 3,000 and a density 0.93 which was obtained by 
thermally degrading polyethylene and 2 parts maleic anhydride in 60 parts xylene at 140 °C under nitrogen stream, 
followed by adding a 50 % xylene solution in which 0.3 part di-t-butyl peroxide was dissolved while dropping over 15 
minutes, reacting for 2 hours and removing the solvent by distillation. The polymer obtained had an acid value of 28.0 

20 and a number average molecular weight of 3,800. The modified product thus obtained is hereafter named 0-7. 
In the following explanations the above compounds C-1 to C-7 will be called (C) unless otherwise stated. 

Preparation of Master Batches M1-M8 of Examples 13 to 16 and Comparative Examples 9 to 12 

25 Polyetheresteramides (A), thermoplastic resins (B) and compatibilizers (C) were blended for 3 minutes in propor- 

tions shown in Table 7 for respective examples using a Henschel mixer. The blends obtained were melt kneaded using 
a vented double-screw extruder under conditions of 240° C, 30 mm and a residence time of 5 minutes to obtain re- 
spective master batches of Examples 13 to 16 and Comparative Examples 9 to 12, which will be called respectively 
M-1 to M-8 as described in Table 7. 



Table 7 



35 



40 





Master Batch 


(A) 


(B) 


(C) 


A-6 


A-2 


B-1 


C-1 


C-2 


Com. Ex.9* 


M-1 


30 


0 


60 


5 


5 


Ex.13** 


M-2 


0 


30 


60 


5 


5 


Com. Ex. 10 


M-3 


45 


0 


40 


7.5 


7.5 


Ex.14 


M-4 


0 


45 


40 


7.5 


7.5 


Com. Ex. 11 


M-5 


60 


0 


20 


10 


10 


Ex.15 


M-6 


0 


60 


20 


10 


10 


Com. Ex. 12 


M-7 


75 


0 


0 


12.5 


12.5 


Ex.16 


M-8 


0 


75 


0 


12.5 


12.5 



Numbers Denote Proportions of Respective Components in Composition 



(%) 



* Com. Ex. Comparative Example 
**Ex. : Exam pie 



Examples 17 to 20 and Comparative Examples 13 to 16 

The resin compositions of the invention and the compositions for comparison were obtained by blending and knead- 
ing masterbatches M-1 to M-8 and B-1 in the same manner as described in Example 1 3 . The constitutions and the 
proportions of the resin compositions and the compositions for comparison prepared by way of the master batches are 
tabulated in Table 8. 
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Table 8 





Master Batch 


Proportions of Respective Components in Compositions by Way of 


Contents of 




Components 






Master Batch 






Metal Salts 




Used 












in 




Numbers in 












Composition 




Parentheses 
















Denote Parts 
















By Weight 


















(%) 


<%) 


Examples 




(A) 


(B) 


(C) 








A-4 


A-3 


B-1 


C-1 


C-2 


D-r 


17 


M-2(50) 




15 


80 


2.5 


2.5 


0.09 


18 


M-4(33.3) 




15 


80 


2.5 


2.5 


0.09 


19 


M-6(25) 




15 


80 


2.5 


2.5 


0.09 


20 


M-8(20) 




15 


80 


2.5 


2.5 


0.09 


Comparative Examples 


13 


M-1 (50) 


15 




80 


2.5 


2.5 




14 


M-3(33.3) 


15 




80 


2.5 


2.5 




15 


M-5(25) 


15 




80 


2.5 


2.5 




16 


M-7{20) 


15 




80 


2.5 


2.5 





* D-1 : Potassium chloride (added while preparting the potyetheresteramide) 



Comparative Examples 17 to 22 

Polymers (A), (B) and (C) which are shown in Table 9 were blended and kneaded under the same condition as 
described in Example 13 to obtain respective resin compositions of the Comparative Examples. 



Table 9 



Comparative Examples 


Proportions of Respective Components in Compositions (%) 


(A) 


(B) 


(C) 




A-4 


B-1 


C-1 


C-2 


17 


15 


80 


5 


0 


18 


15 


80 


0 


5 


19 


15 


80 


2.5 


2.5 


20 


10 


85 


2.5 


2.5 


21 


20 


75 


2.5 


2.5 


22 


30 


65 


2.5 


2.5 



45 

Performance Tests 



Test pieces were prepared by injection-molding the resin compositions of Examples 17 to 20 and Comparative 
Examples 1 3 to 21 and compositions for comparison at a cylinder temperature of 220°C, and a mold temperature of 
so 60 °C, which were tested for mechanical properties and antistatic property. The results of the measurements are tab- 
ulated in Table 10. The tests for antistatic property were carried out by measuring the surface resistivity of the test 
pieces after having been treated and conditioned as described below. 

Not water washed, wherein the test pieces, after having been molded, were held in an atmosphere of 20° C and 
65%RH for 24 hours. 

55 Water washed, wherein the test pieces, after having been molded, were washed with an aqueous solution of a 

detergent (Mamalemon manufactured by Lion, Inc.) followed by washing with ion-excahanged water and drying to 
remove surface moisture, and then held in an atmosphere of 20°C and 65 % RH for 24 hours. 
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Table 10 





Temperature 


Izod Impact 


Tensile Strength 


Surface Resistivity 


Compatibility 




ol Starting 


Strength 












Weight Loss* 




















Not Water 


Water Washed 












Washed 








(°C) 


(Kg . cm/cm) 


(Kg/cm* ) 


(O) 


(«) 




Examples 


17 


350 


41 


500 


8X10 10 


1X10 11 


© 


18 


350 


43 


510 


6X10 10 


8X10 10 


© 


19 


350 


42 


510 


8X10 10 


8X10 10 


© 


20 


350 


43 


510 


7X10 10 


7X10 10 


© 


Comparative Examples 


13 


280 


39 


490 


9X10 10 


1X10 11 


O 


14 


280 


40 


490 


8X10 10 


9X1010 


o 


15 


280 


39 


490 


7X10 10 


7X10™ 


o 


16 


280 


41 


500 


7X10 10 


7X10 10 


o 


17 


300 


38 


500 


1X10 11 


2X10 11 


o 


18 


260 


35 


510 


5X10 11 


5X10 11 


o 


19 


280 


38 


490 


1X10 11 


3X10 11 


o 


20 


280 


38 


500 


5X10 11 


6X10 11 


o 


21 


280 


35 


480 


7X1010 


8X10 10 


o 


22 


280 


34 


480 


3X10 10 


3X10 10 


o 



10 



15 



20 



25 



30 



40 



Measured under nitrogen stream 

Preparation of Master Batches 2 

Examples 21 and 22 and Comparative Examples 23 and 24 

The polymers (A), (B) and (C) or (A),(B), (C) and (E) were blended in proportions shown in Table 12 for 3 minutes 
using a Henschel mixer, followed by melt kneading using a vented double-screw extruder under conditions of 280° C, 
1 00 rpm and a residence time of 5 minutes to obtain resin compositions embodying the invention and resin compositions 
for comparison. 

Table 12 





Proportions of Respective Components in Compositions 


Contents of Metal Salts in Composition 














<%) 




(%) 






(A) 


<B) 


(C) 


(E) 




Examples 


A-3 


A-6 


B-5 


C-1 


E-r 


D-1 


21 


15 


0 


80 


5 




0.09 


22 


10 


0 


85 


4 


1 


0.06 


Comparative Examples 


23 


0 


0 


100 


0 






24 


0 


15 


80 


5 




0.27 



SO 



55 



*E-1 : Anionic surfactant (Chemtstat 3033 manufactured by Sanyo ChemieaJ Industries, Inc.) 
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Performance Tests 



70 



Test pieces were prepared by injection-molding the resin compositions of Examples 21 and 22, Comparative Ex- 
amples 23 and 24 and the resin compositions for comparison at a cylinder temperature of 270°C and a mold temperature 
of 70 °C, which were then tested for mechanical properties and antistatic property The results of the measurements 
are tabulated in Table 1 3. The tests for antistatic property were carried out by measuring the surface resistivity of the 
test pieces after having been treated and conditioned as described below. 

Not water washed, wherein the test pieces, after having been molded, were held in an atmosphere of 20° C and 
65 % RH for 24 hours. 

Water washed, wherein the test pieces, after having been molded, were washed with an aqueous solution of a 
detergent (Mamalemon manufactured by Lion, Inc.) followed by washing with ion-excahanged water and drying to 
remove surface moisture, and then held in an atmosphere of 20°C and 65 % RH for 24 hours. 



Table 13 





Temperature 


Izod Impact 


Tensile Strength 


Surface Resistivity 


Compatibility 




of Starting 


Strength 












Weight Loss* 




















Not Water 


Water Washed 












Washed 








(°C) 


(Kg . cm/cm) 


(Kg/cm2 ) 


<n) 


(O) 




Examples 


21 


330 


66 


570 


5X10" 


7X10 11 


© 


22 


320 


65 


570 


7X10 10 


9X10 10 


® 


Comparative Examples 


23 


350 


70 


600 


10 16 < 






24 


280 


65 


560 


6X10 11 


7X10 11 


o 



75 



20 



25 



: Measured under air stream 



Preparation of Master Batches M9-M12 of Examples 23 and 24 and Comparative Examples 25 and 26 



35 



The polymers (A), (B) and (C) were blended in proportions shown in Table 14 for 3 minutes by using a Henschel 
mixer, followed by being melt kneaded using a vented double-screw extruder under conditions of 240°C, 30 rpm and 
a residence time of 5 minutes to obtain master batches M-9 to M-1 2 of Examples 23 and 24 and Comparative Examples 
25 and 26, respectively. 



40 



Table 15 



Examples 


Master Batch 


(A) 


(B) 


(C) 


23 


M-9 


A-3(54) 


B-2(18) 


B-4(10) 


C-6(18) 


24 


M-10 


A-2(20) 


B-2(20) 


B-4(50) 


C-6(10) 


Comparative Examples 


25 


M-11 


A-6(20) 


B-2(20) 


B-4(50) 


C-4(10) 


26 


M-1 2 


A-6(40) 


B-2(40) 




C-5(20) 






Numbers Denote Proportions of Respective Components in Composition (%) 



so 



Examples 25 and 26 and Comparative Examples 27 and 28 



55 



The master batches M- 9 to M-1 2 were respectively blended with B-2 and B-4, C-4 to C-6 and metal salts described 
in Table 15 followed by kneading under the same condition as described in Example 23 to obtain the resin compositions 
of the invention. The constitutions and proportions of the resin compositions of the invention by way of master batches 
are tabulated in Table 15. 
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Table 15 



5 




Master Batch 
Components 

Used Numbers in 
Parentheses 

Denote Parts By 
Weight 


Proportions of Respective Components in Compositions by 
Way of Master Batch 


Contents of Metal 
Salts in 
Composition 


10 






(%) 






Examples 




(A) 


(B) 


(C) 




15 


25 
26 


M-9 (27.7) 
M- 10(50) 


A-3(15) 
A-2(10) 


B-2(5) 
B-4(75) 
B-2(10) 
B-4(75) 


C-€(5) 
C-6(5) 


D-1(0.09) 




Comparative Example: 


20 


27 
28 


M-11(50) 
M-12(25) 


A-6(10) 
A-6(10) 


B-2(10) 
B-4(75) 
B-2(10) 
B-4(75) 


C-4(5) 
C-5(5) 


D- 1(0.18) 
D- 1(0. 18) 


25 


* D-3: Potassium chloride (added in kneading by using a double-screw extruder) 



Examples 27 and 28 and Comparative Examples 29 to 35 



The polymers (A) to (C) described in Table 16, or (A) to (C) and metal salts described in Table 16 were blended 
and kneaded under the same conditions as in Example 23 to obtain the resin .compositions of the invention and the 
resin compositions for comparison. 



Table 16 



Examples 


Respective Components and Proportions in Compositions 


Contents of Metal Salts in Composition 




(%) 


(%) 




(A) 


(B) 


(C) 




27 


A-3(20) 


B-2(5) 


C-6(5) 


D-1(0.12) 






B-4(70) 






28 


A-2(15) 


B-2(10) 


C-6(5) 








B-4(70) 






Comparative Examples 


29 


A-6(10) 


B-2(10) 


C-4(5) 


D-1(0.18) 






B-4(75) 






30 


A-6(10) 


B-2(10) 


C-5(5) 


D-1(0.18) 






B-4(75) 






31 


A-4(10) 


B-2(10) 


C-4(5) 


D-4(0.15) 






B-4(75) 






32 


A-4(10) 


B-2(10) 


C-5(5) 


D-3(0.10) 






B-4(75) 






33 


A-4(15) 


B-2(5) 


C-5(5) 


D-3(0.10) 






B-6*(75) 







*B-6: Polypropylene resin (UBE Poly pro J38S manufactured by UBE Industries, Inc.) 
"D-3: Sodium chk>ride (added white kneading by using a double-aids extruder) 



'D-4: Potassium chloride (added while kneading by using a double-axis extruder) 
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Table 16 (continued) 



Examples 


Respective Components and Proportions in Compositions 


Contents ot Metal Salts in Composition 


Comparative Examples 


34 


A-4(20) 


B-2(5) 


C-6(5) 


D-4(0.20) 






B-4(70) 






35 


A-4(10) 


B-2(10) 


C-4(5) 








B-4(75) 







Performance Tests 

Test pieces were prepared by injection-molding the resin compositions ot Examples 25 to 28, Comparative Exam- 
ples 27 to 35 and the resin compositions for comparison at a cylinder temperature of 240° C and a mold temperature 
75 of 60 °C, which were then tested for mechanical properties and antistatic property. The results of the measurements 
are tabulated in Table 17. The tests for antistatic property were carried out by measuring the surface resistivity of the 
test pieces after having been treated and conditioned as described below. 

Not water washed, wherein the test pieces, after having been molded, were held in an atmosphere of 20°C and 
50 % RH for 24 hours. 

20 Water washed, wherein the test pieces, after having been molded, were washed with an aqueous solution of a 

detergent (Mamatemon manufactured by Lion, Inc.) followed by washing with ion-excahanged water and drying to 
remove surface moisture, and then held in an atmosphere of 20°C and 50 % RH for 24 hours. 



Table 17 



25 




Temperature 


Izod Impact 


Flexural 


Surface Resistivity 


Compatibility 






of Starting 


Strength 


Modulus 












Weight Loss* 






















Not Water 


Water Washed 




30 










Washed 








Examples 


(°C) 


(Kg . cm/cm) 


(Kg/cm2 ) 


(O) 


(«) 






25 


280 


15 


13,500 


3X1 0™ 


3X10 10 


© 




26 


280 


14 


13,500 


2X10" 


2X10 11 


® 


35 


27 


280 


15 


12,000 


3X10 10 


4X10 10 


© 


28 


280 


17 


13,500 


1X10" 


1X10 11 


© 




Comparative Examples 




27 


255 


14 


13,000 


4X10" 


5X10 11 


O 


40 


28 


255 


12 


13,000 


1X10" 


1X10 11 


O 


29 


260 


14 


13,000 


6X10" 


6X10" 


o 




30 


250 


13 


13,000 


3X10 11 


3X10 11 


o 




31 


255 


12 


12,000 


8X10" 


9X10" 


o 




32 


255 


12 


12,500 


5X10 11 


5X10 11 


o 


45 


33 


260 


5 


11,000 


2X10" 


3X10" 


o 




34 


250 


12 


12,000 


2X1 0 10 


2X10 10 


o 




35 


250 


13 


13.500 


1X10" 


1X10" 


o 



*: Measured under air stream 



Preparation of Master Batches M13-M15 of Examples 29 and 30 and Comparative Example 36 

The polymers (A) to (C) were blended in proportions shown in Table 18 for 3 minutes by using a Henschel mixer, 
followed by being melt kneaded using a vented double-screw extruder under conditions of 240 °C, 1 00 rpm and a 
residence time of 5 minutes to obtain master batches M-1 3 to M-1 5 of Examples 29 and 30 and Comparative Examples 
36, respectively. 
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Table 18 



5 




Master Batch 




Examples 


(A) 


(B) 


(C) 




29 


M- 13 


A-2(50) 


B-3(25) 


B-4(20) 


C-4(5) 




30 


M- 14 


A-2(62.5) 


B-3(31.25) 




C-5(6.25) 




Com. Ex. 36 


M- 15 


A-4(50) 


B-3(25) 


B-7*(20) 


C-7(20) 


10 






Numbers Denote Proportions of Respective Components in Composition (%) 



*B-7: Polyethylene resin (Stailene E 750(C) manufactured by Nippon Petroleum C hem tea b, Inc.) 



Examples 31 to 33 and Comparative Example 37 

is The master batches M-13 to M-15 were respectively blended with B-3, B-4 or B-7 shown in Table 18 followed by 

kneading under the same condition as described in Example 29 to obtain the resin compositions of the invention. The 
constitutions and proportions of the resin compositions of the invention by way of master batches are tabulated in Table 
19. 



Table 19 





Master Batch 
Numbers in 
Parentheses 
Denote Parts By 
Weight 


Proportions of Respective Components in Compositions by Way of Master Batch 


(%) 


Examples 




(A) 


(B) 


(C) 


31 


M- 13(20) 


A-2(10) 


B-3(5) 


B-4(84) 


C-4(1) 


32 


M-13(40) 


A-2(20) 


B-3(10) 


B-4(68) 


C-4(2) 


33 


M-14(16) 


A-2(10) 


B-3(5) 


B-4(84) 


C-5(1) 


Com. Ex.37 


M-15(40) 


A-4(20) 


B-3(10) 


B-7(68) 


C-7(2) 



35 Examples 34 to 37 and Comparative Example 38 

The polymers (A), (B) and (C) were blended in proportions shown in Table 20 followed by kneading under the 
same condition as described in Example 29 to obtain the resin compositions of -the invention and the resin compositions 
tor comparison. 

40 

Table 20 



Examples 


(A) 


(B) 


(C) 


34 


A-2(10) 


B-3(5) 


B-4(84) 


C-4(1) 


35 


A-2(20) 


B-3(10) 


B-4(68) 


C-4(2) 


36 


A-2(10) 


B-3(5) 


B-4(84) 


C-6(1) 


37 


A-2(28) 


B-7(60) 


B-8*(10) 


C-7(2) 


Com. Ex.38 


A-4(20) 


B-3(10) 


B-7(68) 


C-7(2) 


Numbers in Parentheses Denote Proportions of Respective Components in Composition 

(%) 



*B-8: Poly ace taJ resin (Duracon M 90 manufactured by Polyplastics, Inc.) 



Performance Tests 

Test pieces were prepared by injection-molding the resin compositions of Examples 31 to 37, Comparative Exam- 
ples 37 and 38 and the compositions for comparison at a cylinder temperature of 240° C and a mold temperature of 
50 °C, which were then tested for mechanical properties and antistatic property. The results of the measurements are 
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tabulated in Table 21 . The tests for antistatic property were carried out by measuring the surface resistivity ot the test 
pieces after having been treated and conditioned as described below. 

Not water washed, wherein the test pieces, after having been molded, were held in an atmosphere of 20 °C and 
50 % RH for 24 hours. 

5 Water washed, wherein the test pieces, after having been molded, were washed with an aqueous solution of a 

detergent (Mamalemon manufactured by Lion, Inc.) followed by washing with ion-excahanged water and drying to 
remove surface moisture, and then held in an atmosphere of 20° C and 50 % RH for 24 hours. 



Table 21 





Temperature 
of Starting 
Weight Loss 


Izod Impact 
Strength 


Flexural 
Modulus 


Surface Resistivity 


Compatibility 


Not Water 
Washed 


Water Washed 




(°C) 


(Kg • cm/cm) 


(Kg/cnrv*) 


(O) 


(H) 




Ex. 31 


280 


15 


13,000 


3X10" 


5X10" 


© 


Ex. 32 


280 


18 


13,500 


8X10 10 


7X10 10 


© 


Ex. 33 


275 


15 


13,000 


2X10 11 


2X10 11 


© 


Ex. 34 


270 


13 


12,000 


5X10 11 


7X10" 


© 


Ex.35 


280 


13 


12,500 


1X10 11 


1X10" 


© 


Ex.36 


275 


12 


12,500 


1X10 11 


2X10" 


© 


Ex.37 


280 


9 


12,000 


2X10" 


3X10" 


© 


Com. Ex. 37 


255 


8 


12,000 


9X10 10 


9X10 10 


o 


Com. Ex. 38 


255 


6 


11,500 


7X10" 


8X10" 


o 



*: Measured under air stream 



30 Claims 



1 . A polyetheresteramide free from residues derived from a polyoxyethylene glycol and comprising residues derived 
from (1) a polyamide oligomer with carboxylic chain ends and having a number average molecular weight from 
200 to 5,000 and (2) a bisphenol compound which (i) contains a plurality of oxyalkylene units from 32 to 60 of 
which are oxyethylene units and (ii) has a number average molecular weight from 1,600 to 3,000. 

2. A polyetheresteramide according to claim 1 , wherein the oxyalkylene units in the bisphenol compound are oxyeth- 
ylene units alone or are a combination of oxyethylene and oxypropylene units. 



3. A resin composition comprising at least 97 by weight of a polyetheresteramide according to claim 1 or 2 and at 
least 0.01 by weight of a halide of an alkali metal or an alkaline earth metal, based on the total weight of the resin 
composition. 



4. A resin composition according to claim 3, wherein the halide is sodium chloride or potassium chloride. 

4S 

5. A resin composition comprising 60 to 97% by weight of (a) a thermoplastic resin, and 3 to 40% by weight of (b) a 
polyetheresteramide according to claim 1 or 2 or a resin composition according to claim 3 or 4 based on the total 
weight of (a) and (b). 

50 6. A resin composition according to claim 5, wherein the thermoplastic resin is selected from a polyolefin resin, a 
polyamide resin, a polyester resin, a polycarbonate resin, a polyacetal resin and a copolymer of at least two mon- 
omers selected from styrenes, acrylic esters, methacrylic esters, acrylonitrile, methacrylonitrile and butadiene. 



55 



7. A resin composition according to claim 6, wherein the polyolefin resin is polypropylene. 

8. A resin composition according to claim 5, wherein the thermoplastic resin is a combination of a polyolefin resin, 
and a polyamide resin, a polyester resin or a polyacetal resin. 
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9. A resin composition according to claim 8, comprising, as the thermoplastic resin, 55 to 95 % by weight of a polyolefin 
resin and 1 to 20 % by weight of a polyamide resin, a polyester resin or a polyacetal resin, based on the total 
weight of the antistatic resin composition. 

5 10. A resin composition according to claim 5, wherein the thermoplastic resin is a combination of a polycarbonate resin 
and a copolymer of at least two monomers selected from styrenes, acrylic esters, methacrylic esters, acrylonitrile, 
methacrylonitrile and butadiene. 

11. A resin composition according to any one of claims 5 to 10 and additionally comprising a compatibilizer, present 
io in an amount by weight, based on the total weight of the antistatic resin composition, not exceeding 40 %, which 

compatibilizer consists of a resin selected from a vinyl polymer having a functional group selected from carboxyl, 
epoxy, amino, hydroxyl, polyoxyalkylene, sulfonic and sulfonate groups, and a block polymer having a polyolefin 
block and an aromatic vinyl polymer block. 

15 12. A resin composition according to claim 11 , wherein the vinyl polymer having a functinal group is selected from 

(1) a polyolefin resin containing at least one carboxyl group and having an acid value from 5 to 150 and a 
number average molecular weight from 800 to 25,000; 

(2) a polyolefin resin containing at least one hydroxyl group and having an hydroxyl value from 5 to 150 and 
20 a number average molecular weight from 800 to 25,000; and 

(3) a modified polyolefin resin having a number average molecular weight from 1,000 to 28,000 prepared by 
the ester ification of a polyolefin resin containing at least one carboxyl group and having an acid value from 5 
to 150 and a number average molecular weight from 800 to 25,000 with a polyoxyalkylene mono- or polyoL 

25 13. Use of a polyetheresteramide according to claim 1 or claim 2 as antistatic agent in thermoplastic compositions. 

14. A moulded article obtained by moulding a resin composition according to any one of claims 5 to 12. 

30 Patentanspruche 

1. Polyetheresteramid, frei von von einem Polyoxyethylenglykol abgeleiteten Resten und umfassend Reste (1) ab- 
geleitet von einem Polyamid-Oligomer mit Carboxylgruppen als Kettenenden und einem zahlenmittleren Moleku- 
largewicht von 200 bis 5.000 und (2) einer Bisphenol-Verbindung, die (i) eine Vielzahl von Oxyalkylen-Einheiten 

35 enthalt, von denen 32 bis 60 Oxyethylen-Einheiten sind, und (ii) ein zahlenmittleres Molekulargewicht von 1.600 

bis 3.000 aufweist. 

2. Polyetheresteramid nach Anspruch 1 , worin die Oxyalkylen-Einheiten in der Bisphenol-Verbindung nur Oxyethy- 
len-Einheiten oder eine Kombination von Oxyethylen- und Oxypropylen-Einheiten sind. 

40 

3. Harzzusammensetzung, umfassend zumindest 97 Gew.-% eines Polyethe reste ram ids nach Anspruch 1 oder 2 
und zumindest 0,01 Gew.-% eines Alkalimetall- oder Erdalkalimetallhalogenids, bezogen auf das Gesamtgewicht 
der Harzzusammensetzung. 

45 4. Harzzusammensetzung nach Anspruch 3, worin das Halogenid Natrium- oder Kaliumchlorid ist. 

5. Harzzusammensetzung, umfassend 60 bis 97 Gew.-% (a) eines thermoplastischen Harzes und 3 bis 40 Gew.-% 
(b) eines Polyetheresteramids nach Anspruch 1 oder 2 oder einer Harzzusammensetzung nach Anspruch 3 oder 
4, bezogen auf das Gesamtgewicht von (a) und (b). 

so 

6. Harzzusammensetzung nach Anspruch 5, worin das thermoplastische Harz aus Polyolefin-, Polyamid-, Polyester-, 
Polycarbonat- und Polyacetalharzen und Copolymeren zumindest zweier Monomere ausgewahlt ist, die aus Sty- 
rolen, Acrylestern, Methacrylestern, Acrylnitril, Methacrylnitril und Butadien ausgewahlt sind. 

55 7. Harzzusammensetzung nach Anspruch 6, worin das Polyolefin -Harz Polypropylen ist. 

8. Harzzusammensetzung nach Anspruch 5 t worin das thermoplastische Harz eine Kombination eines Polyolefin- 
Harzes und eines Polyamid-Harzes, eines Polyester-Harzes oder eines Polyacetal-Harzes ist. 
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9. Harzzusammensetzung nach Anspruch 8, umfassend 55 bis 95 Gew-% eines Potyolefin-Harzes und 1 bis 20 
Gew.-% eines Polyamid-, Polyester- Oder Polyacetal-Harzes, bezogen auf das Gesamtgewicht der antistatischen 
Harzzusammensetzung, als thermoplastisches Harz. 

10. Harzzusammensetzung nach Anspruch 5, worin das thermoplastische Harz eine Kombination eines Polycarbonat- 
Harzes und eines Copolymers zumindest zweier Monomere ist, die aus Styrolen, Acrylestem, Methacrylestem, 
Acrylnitril, Methacrytnitril und Butadien ausgewahlt sind. 

11. Harzzusammensetzung nach einem der Anspruche 5 bis 10, zusatzlich umfassend einen Kompatibilisator, der - 
bezogen auf das Gesamtgewicht der antistatischen Harzzusammensetzung - in einer Gewichtsmenge von nicht 
mehr als 40% vorhanden ist und aus einem Harz besteht, das aus einem Vinyl-Polymer mit einer funktionellen 
Gruppe, ausgewahlt aus Carboxyl-, Epoxy-, Amino-, Hydroxyl-, Polyoxyalkylen-, Sulfonsaure- und Sulfonatgrup- 
pen, und einem Block-Polymer mit einem Polyolefin-Block und einem aromatischen Vinylpolymer-Block ausge- 
wahtt ist. 

12. Harzzusammensetzung nach Anspruch 11 , worin das Vinylpolymer mit einer funktionellen Gruppe ausgewahlt ist 
aus: 

(1 ) einem Polyolefin-Harz, das zumindest eine Carboxylgruppe enthalt und eine Saurezahl von 5 bis 1 50 sowie 
ein zahienmittleres Molekulargewicht von 800 bis 25.000 aufweist; 

(2) einem Polyolefin-Harz, das zumindest eine Hydroxylgruppe enthalt und eine OH-Zahl von 5 bis 150 sowie 
ein zahienmittleres Molekulargewicht von 800 bis 25.000 aufweist; und 

(3) einem modifizierten Polyolefin-Harz mit einem zahlenmittleren Molekulargewicht von 1.000 bis 28.000, 
hergestellt durch Veresterung eines Polyolefin-Harzes, das zumindest eine Carboxylgruppe enthalt und eine 
Saurezahl von 5 bis 150 sowie ein zahienmittleres Molekulargewicht von 800 bis 25.000 aufweist, mit einem 
Polyoxyalkylenmono- oder -polyol. 

13. Verwendung eines Polyetheresteramids nach Anspruch 1 Oder 2 als Antistatikmittel in therrnoplastischen Zusam- 
mensetzungen. 

14. Formteil, erhalten durch Formen einer Harzzusammensetzung nach einem der Anspruche 5 bis 12. 



Revendications 

1. Poly6theresteramide exempt de rSsidus d6riv6s d'un polyoxy ethylene glycol et comprenant des r6sidus derives 
de (1 ) un oligornere polyamide avec des extrSmites de chaTne carboxyliques et ayant un poids mol6culaire moyen 
en nombre de 200 a 5 000 et (2) un compos6 bisph6nol qui (i) contient une plurality d'unit6s oxyalkylene dont 32 
a 60 sont des unites oxy ethylene et (ii) a un poids mol6culaire moyen en nombre de 1 600 a 3 000. 

2. Poly&heresteramide selon la revendication 1, ou les unites oxyalkylene dans le compost bispheYiol sont des 
unites oxy6thylene seules ou sont une combinaison d'unites oxy6thylene et oxypropylene. 

3. Composition de rdsine comprenant au moins 97% en poids d'un polyene resteramide selon la revendication 1 ou 

2 et au moins 0,01% en poids d'un halogSnure d'un m6tal alcalin ou d'un mStal de terre alcaline, sur la base du 
poids total de la composition de r6sine. 

4. Composition de resine selon la revendication 3, ou I'halogenure est du chlorure de sodium ou du chlorure de 
potassium. 

5. Composition de resine comprenant de 60 a 97% en poids de (a) une r6sine thermoplastique, et 3 a 40% en poids 
de (b) un polyStheresteramide selon la revendication 1 ou 2 ou une composition de resine selon la revendication 

3 ou 4 sur la base du poids total de (a) et (b). 

6. Composition de resine selon la revendication 5, ou la resine thermoplastique est s6tectionn6e parmi une resine 
polyol^fine, une resine polyamide, une r6sine polyester, une resine polycarbonate, une resine polyac$tal et un 
copolymere d'au moins deux monomeres selectionnfis parmi les styrenes, les esters acryliques, les esters m6- 
thacryliques, I'acrylonitrile, le m^thacrylonitrile et le butadiene. 
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7. Composition de r6sine selon la revendication 6, ou la resine polyol6fine est le polypropylene. 

8. Composition de r6sine selon la revendication 5, ou la resine thermoplastique est une combinaison d'une resine 
polyolefine, et d'une resine polyamide, d'une r£sine polyester ou d'une resine polyacetal. 

9. Composition de resine selon la revendication 8, comprenant, en tant que resine thermoplastique, 55 a 95% en 
poids d'une r6sine polyol6ftne et 1 a 20% en poids d'une resine polyamide, d'une r6sine polyester ou d'une r6sine 
polyacetal, sur la base du poids total de la composition de resine antistatique. 

10. Composition de resine selon la revendicatin 5, ou la resine thermoplastique est une combinaison d'une resine 
polycarbonate et d'un copolymere d'au moins deux monomeres choisis parmi les styrenes, les esters acryliques, 
les esters methacryliques, I'acrylonitrile, !e methacrylonitrile et le butadiene. 

11. Composition de rdsine selon Tune quelconque des revendications 5 a 10 et comprenant additionnellement un 
compatibilisant, present en une quantity en poids, sur la base du poids total de la composition de resine antista- 
tique, n'exc6dant pas 40%, lequel compatibilisant consiste en une resine selectionn6e parmi un polymere vinylique 
ayant un groupe fonctionnel s^lectionne parmi les groupes carboxyle, Spoxy, amino, hydroxyle, polyoxyalkylene, 
sulfonique et sulfonate, et un polymere bloc ayant un bloc polyolefine et un bloc polymere vinylique aromatique. 

12. Composition de resine selon la revendication 11, ou le polymere vinylique ayant un groupe fonctionnel est s6lec- 
tionne parmi 

(1 ) une resine polyolefine contenant au moins un groupe carboxyle et ayant une valeur d'acide de 5 a 150 et 
un poids moieculaire moyen en nombre de 800 a 25 000; 

(2) une r6sine polyolefine contenant au moins un groupe hydroxyle et ayant une valeur d'hydroxyle de 5 a 
150 et un poids moieculaire moyen en nombre de 800 a 25 000; et 

(3) une resine polyolefine modifi6e ayant un poids moleculaire moyen en nombre de 1 000 a 28 000 prepared 
par l'est6rification d'une resine polyolefine contenant au moins un groupe carboxyle et ayant une valeur d'acide 
de 5 a 1 50 et un poids moleculaire moyen en nombre de 800 a 25000 avec un polyoxyalkylene mono- ou polyol. 

13. Utilisation d'un polyetheresteramide selon la revendication 1 ou 2 en tant qu'agent antistatique dans des compo- 
sitions thermoplastiques. 

14. Article mouie obtenu par moulage d'une composition de resine selon I'une quelconque des revendications 5 a 1 2. 



26 



